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COARCTATILON OF THE AORTA 


THE PRELIMINARY RESULTS OF 44 OPERATED CASES 


By OVE LYKKE OLESEN 


Coarctation of the aorta is a congenital mal- 
formation, the cause of which is unknown. There 
is a narrowing of the aorta usually localized to 
the upper part of the thoracic aorta, just after 
the origin of the left subclavian artery. The dis- 
ease is generally classified into two types which 
presumably represent different degrees of re- 
tarded development. The narrowing in the “in- 
fantile type” is of severe grade and elongated, 
and is combined with other malformations of the 
heart and the large vessels, and this type has 
largely been beyond surgical treatment. Since 
severe disturbances of circulation are associated 
with this type of narrowing, almost all these 
patients die within the first two years of life. 

In the “adult type” the narrowing of the aorta 
is the only malformation of clinical importance. 
Minor anomalies may be present simultaneously 
— €. g., bicuspid aortic valve (23.5 per cent), 
persistent ductus arteriosus, minor septal defect, 
aneurysms, especially of cerebral arteries — but 
these are often not diagnosed preoperatively. In 
some cases the lumen of the aorta is completely 
obstructed. The most frequent finding is a nar- 
rowing measuring a few millimeters in width, 
involving all the layers of the aorta, situated con- 
centrically or eccentrically, often with the nar- 
rowed portion drawn towards the heart by 
ligamentum arteriosum. Even in the presence of 
a lumen the blood flow through the stenosis 
should be arrested (Jönsson). 

Our knowledge of coarctation is based mainly 
upon two large post-mortem studies (Abbott 
1928, 200 cases — Reifenstein et al. 1947, 
104 cases). According to these authors the fre- 
quency of the disease is 1 in 3000—4000 autopsies. 


From Rigshospitalet, University of Copenhagen, De- 
partment of Thoracic Surgery, (Head: Prof. E. Hus- 
feldt), Department of Internal Medicine B, (Head: 
Prof. E. Warburg), and Department of Pediatrics, 
(Head: Prof. P. Plum). 


This work was supported by a grant from the P. Carl 
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It is 4 to 5 times more frequent in males than in 
females. From 60 to 70 per cent of the post- 
mortem cases had died before the 41st year. The 
causes of death are closely related to the cir- 
culatory stress caused by the arterial hyperten- 
sion and are: — 


23 per cent 


aa 


Rupture of the aorta 

Bacterial endocarditis or aortitis 
Heart failure 18 
Intracranial haemorrhage mm > 


bid 


(Causes of death according to Reifenstein). 


The average lifetime is not more than 35 years 
(Gross). 

Less severe cases are compatible with normal 
physical activities. The patients are often rela- 
tively free from symptoms during the first 2 
decades of life. Newman found 23 cases in 
the British army: 20 were on active service dur- 
ing World War I without symptoms for a long 
time, 3 were in World War II. Later several of 
these succumbed to complications. 


CLINICAL FEATURES 


The main symptom is hypertension. The blood 
pressure is high in the arteries above the stenosis 
and below this it is low. Normally the femoral 
arterial pressure is a little higher than the brachial 
arterial pressure. In exceptional cases the blood 
pressure is extremely high: 300 mm Hg, but as a 
rule it is 160—230 mm Hg systolic with a slightly 
increased diastolic pressure. The hypertension 
increases with advancing age. The blood pressure 
is very unstable: it may increase abnormally after 
exertion, even in the few cases where the resting 
pressure is normal. The femoral pulse is often 
impalpable, but even when palpated, the presence 
of aortic stenosis cannot be excluded. It may be 
impossible to determine the blood pressure on 
the legs when using the ordinary cuff mano- 
meters. 

The symptoms of hypertension do not differ 
essentially from the complaints in other hyper- 








34 DANISH MEDICAL BULLETIN 


Vol 4 no? 





) 4 
A 
NW/ 


CA 


‚\ U 


A 
(sn 





) U/, 


ef 


Fig. 1. 
Types of coarctation of the aorta. 


1. Normal aorta, patent duct. 


2. Coarctation with small patent duct. (Frequent finding — fit for anast. a.-end-to-a.-end). 
3. Coarctation with short “Subclavian trunk” (common finding, fit for anast. a.-end-to-subel.-side or 


a.-end-to-subcl.-end). 


4. Coarctation with enormous patent duct (illustrative to case page 39). 


5. Coarctation with aortic aneurysm (illustrative 


to Case 9). 


6. Example of infantile type of coarctation (mot met with in this series). 


tensive conditions. A variety of signs of insuffi- 
ciency may arise from the caudal hypotension 
and the abnormal blood supply: defective devel- 
opment, impairment of function, intermittent 
claudication, pain, sensations of cold and rigidity 
and abnormal vascular reactions. The renal func- 
tion remains unimpaired. 

Collaterals between the cephalic and caudal 
parts of the circulation will develop in the course 
of the first few years of life, compensating for the 
stenosis (intercostal, subscapular, internal mam- 
mary arteries and others). These will supply 
the lower extremities with blood of normal 
oxygen saturation in uncomplicated cases. Conse- 
quently, symptoms of insufficiency of severe de- 
grees cannot be expected to appear. 

To these primary symptoms are added a num- 
ber of signs of complications. The cardiac com- 
plaints do not differ from hypertensive cardiac 
complaints of different genesis (oppression and 
pain in the region of the heart, palpitations, dysp- 
noea, other symptoms of decompensation and 
signs of aortic incompentence). Cvanosis is ex- 
tremely rare. 

Besides the ordinary cerebral symptoms due to 
hypertension, haemorrhages may occur. They are 


almost always subarachnoid and may be the first 
sign of the disorder. The haemorrhages may be 
due to aneurysms simultaneously present. 


DIAGNOSIS 

Provided suspicion has been aroused, the diag- 
nosis can often be established clinically from 
the symptoms mentioned. Clagett asserts that 
only inspection, palpation and auscultation are 
necessary for the diagnosis, but this is contra- 
dicted by Crafoord. Hypertension in a young 
individual without other symptoms should be 
examined with special reference to coarctation 
of the aorta. 

The stethoscopic data are extremely varying. 
Murmur is never absent. It is systolic but of such 
a varying nature and strength that nothing pathog- 
nomonic can be specified. The murmurs are 
widespread and often heard on the back of the 
thorax. It is not the stenosis in itself but the 
collaterals that produce the murmurs. 

This appears from the fact that they do not dis- 
appear entirely after a successful resection. A 
diastolic murmur may be due to a patent ductus 
arteriosus, but of course also to aortic incomp@- 
tence. 
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Pulsation of the intercostal arteries may often be 
seen and almost always palpated. 

In most cases X-ray examination will show 
erosion of the lower edges of the ribs (Roesler’s 
sign), absence of the aortic knob, indistinct 
visualization of the aortic arch and no visualiza- 
tion of the descending part of the aorta. The 
shadow of the superior mediastinum may be 
enlarged to the left, corresponding to the large 
left subclavian artery. The shadow of the heart 
is often enlarged. 

The electrocardiogram shows nothing specific. 
There is often left-sided hypertrophy, signs of 
myocardial affection and in some cases distur- 
bances of conduction. These changes may be of 
importance to the indication for operation. 

Oscillography (used by us in a few cases only) 
in coarctation of the aorta shows “inverse re- 
action” in exercise experiments, i.e, lowering 
of the blood pressure and increase of the puls- 
ation in the lower extremities after exercise. 
The reaction is not pathognomonic, as it may 
occur in all organic arterial disorders, but ac- 
cording to Crafoord and Ejrup, it may 
be demonstrated long before disturbances of the 
circulation are clinically evident. 

Intra-arterial blood pressure measurements 
with simultaneous recording of pressure curves 
in the cephalic and caudal parts of the circu- 
lation are investigations which can onìy be per- 
formed in special laboratories. The record of the 
pulse in the femoral artery shows a dentate curve 
without the “dicrotic elevation” (shoulder notch). 
Such a curve is pathognomonic. 
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Fig. 2. 
Typical curve of intra-arterial pressure in case of 
coarctation. 


Measurement of oxygen tension in the femoral 
artery shows normal saturation in uncomplicated 
cases. Cardiac catheterization may be necessary 
to realize whether complicating shunts are pre- 
sent. 

Angiocardiography and aortography will seldom 
be required to establish the diagnosis. In case 
of doubt due to complicating malformations, it 
may afford valuable information with a view to 
the indication for operation. The examination 


may also reveal the seat, degree and length of the 
stenosis. Angiocardiography is used as a routine 
examination by Crafoord. He claims that he 
thus is able to spare the inoperable cases the in- 
convenience of explorative thoracotomy, and he 
has performed over 1000 angiocardiographies 
with 2 deaths, both in highly cvanotic new-born 
children. We have performed angiocardiography 
in 5 cases, aortography in 3 and not used these 
examinations as a routine method because we 
think it is not possible to estimate the operability 
by the site and the length of the stenosis. Only 
operation will show whether the aorta is mobile. 


OPERATIVE TREATMENT 

Owing to the bad prognosis, coarctation of the 
aorta became a subject of interest to surgeons 
when the development of the technique of anesthe- 
sia and surgery made operations on the heart and 
the central vessels possible. The technical diffi- 
culties to be overcome first were great: Could a 
suture hold after transverse resection of the 
aorta? Would not great circulatory disturbances 
occur in the caudal part of the circulation when 
the aorta had to be clamped for a long time? 
Might not fatal dynamic disturbances of circula- 
tion be expected when large parts of the blood 
supply of the body were led into new channels 
under different pressure conditions? etc. 


These possibilities were examined in animal ex- 
periments by Blalock and Park (1944), who 
elaborated a technique for implantation of the sub- 
clavian artery into the aorta without resection, and by 
Gross and Hufnagel (1945), who arrived at a 
technique similar to that used by Crafoord at his 
first resection. In collaboration with Nylin, Cra- 
foord observed during a difficult operation for 
a patent duct that the abdominal aorta was clamped 
for 27 minutes without demonstrable impairment of 
the circulation. N ylin then found a suitable case of 
coarctation of the aorta and in October, 1944, Cra- 
foord performed the first resection of an aortic 
stenosis in a human being, and succeeded — the 
patient was cured. 

Since then several hundred operations have been 
reported. Mention may be made of Bramwell 
(1947), who operated on 36 patients and had 3 deaths, 
Bing et al. (1948) with 23 operations and 3 deaths, 
Jones (1949), 13 with 2 deaths, Hanlon (1949), 
23 with 3 deaths, Gross (1950), 100 with 11 deaths, 
Clagett (1951), 70 with 5 deaths, the last 55 oper- 
ations without deaths, Crafoord (1952), 94 with 
7 deaths, and Glenn (1952), 21 operations with 1 
death. hdi 

With regard to the age-limit for operation there is 
no general agreement. There are several reports on 
operations on 40-vear-old patients (Dodrill, So- 
kolov and several of the large series mentioned 
above). Clagett says that the chance of cure by 
operation should not be withheld from elderly patients. 
The most favourable time for the operation has been 
considered to be at ages from 12 to 20 years. It has 
been considered inadvisable to operate on children, as 
it could not be known with certainty whether the 
anastomosis would follow the growth of the aorta. 
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There has been some anxiety that the system of col- 
laterals in a young patient would be too slightly de- 
veloped to take over the blood supply during the 
clamping of the aorta. However, the tendency now 
is to operate early if the disorder gives rise to symp- 
toms. Helen Taussig (1952) points out that 
early operation is indicated if the child has symp- 
toms, pronounced hypertension or electrocardiographic 
signs of left-sided stress. The simultaneous pre- 
sence of another malformation, especially aortic in- 
competence, generally affords further indication for 
operation. She states that the optimal age for oper- 
ation is from 4 to 12 years. This is apparently 
confirmed by animal experiments performed by K e e- 
fer et al. (1951), who established operatively an 
aortic stenosis in puppies. They only succeeded in one 
animal to produce a clinical condition corresponding 
exactly to that of coarctation of the aorta. This was 
considered to prove that the anastomosis in the other 
dogs developed a larger lumen during growth. Other 
investigators have performed experiments which 
point in the opposite direction. Sako et al. (1940) 
operated on 85 dogs to find the best technique of 
suturation. At the operation on puppies they observed 
that “growth at the site of suturing does not keep 
abreast of the growth of the adjacent aorta”. It 
appears from a report by Kirklin (1952) that also 
infants tolerate and may improve after the oper- 
ation. He operated on a 10-week-old child with 
coarctation and enlargement of the heart. 18 months 
after the operation the child had developed normally, 
and the heart shadow was normal. 


Decompensation can not generally be con- 
sidered a contraindication. In fact it may be an 
indication in some cases. It has thus been repor- 
ted by several authors that rather severe changes, 
i. a, hepatic congestion, have subsided after oper- 
ation, but, of course, the stress on the organism 
following surgery may be deleterious in such 
cases. 

The question whether a successful operation 
means definitive recovery cannot be settled vet. 
Much seems to indicate that this is so when the 
operation is performed so early that degenerative 
vascular changes or damage to the heart have not 
developed. But it requires a lifetime before this 
question can be settled with certainty. 


OPERATION 

The following description of the operation is 
mainly based upon the experience gained in the 
Department of Thoracic Surgery, University 
Hospital, Copenhagen. 

Any anemia is corrected to a hemoglobin per- 
centage of 100. Premedication consists of a bar- 
biturate and atropine. Intratracheal inhalation- 
anesthesia in a closed system is used, in some 
cases supplemented by curare. Intravenous in- 
fusion is on hand right from the beginning of 
the anesthesia. Sufficient group-specific blood 


should be accessible to replace any blood loss at 
once. The maximum quantity of blood adminis- 
tered during an operation was 3000 cc. When the 
blood loss is corrected at once during the oper- 


ation, transfusion will be required in surprisingly 
few cases in the postoperative period. “Surgical 
shock” following these operations is an almost 
unknown occurrence when transfusions have been 
adequate. 

The patient is placed in a right lateral position. 
Exposure is obtained through a left postero-lateral 
incision. In most cases it has been sufficient to 
remove the 5th rib. Sometimes a small resection 
of one or both adjacent ribs has been necessary. 
Local anesthesia applied around the vagus and 
phrenic nerves contributes to calm breathing and 
might inhibit reflexes releasing arrhythmias or 
causing cardiac arrest during the manipulations 
in the mediastinum (Baden et al, 1955). After 
opening the mediastinal pleura, the aorta is ex- 
posed and it can be decided whether it is possible 
to perform a resection. 

The greatest technical difficulty is the control 
of the bleeding. The collaterals — especially the 
intercostal arteries — are enormous, tortuous, 
thin-walled and brittle, in some cases aneurys- 
matic. Lesion of one of these immediately floods 
the operation-field, ligation and application of su- 
tures will be difficult and time-wasting. 

According to the conditions found, one or more 
sets of intercostal arteries have to be ligated at 
their origin from the aorta so that the latter can 
be mobilized. If possible this should be avoided. 
Manipulations with the intercostal artery is a 
delicate matter, and besides, as much collateral 
circulation as possible should be spared if it ap- 
pears that the resection is impracticable, or if 
obliteration by thrombosis in the anastomosis 
should occur later on. This, however, has never 
happened in our series of cases. 

The short narrowing a few centimeters below 
the subclavian artery is the most frequent and the 
least difficult to operate on. In some cases the 
stenosis is so long that resection is impracticable. 
The subclavian artery may then be used. It is 
divided high up in the thorax and turned down 
to form an end-to-end or end-to-side anastomosis 
with the aorta. That this is possible is due to the 
fact that in case of an appreciable stenosis the 
subclavian artery is always enormously enlarged, 
as this especially supplies the collateral circu- 
lation with blood. In some of these cases there 
may develop a kink on the subclavian artery, but 
this we have never seen in our cases. 


Schumacker has described various methods by 
means of which this complication can be avoided. In 
cases where this procedure is also impossible, the 
removed portion of the aorta can be replaced by an 
aortic homograft. We have not used grafting in this 
series, but Gross has done so in 19 cases (2 of his 
patients died of renal insufficiency, the rest survived 
with healing of the grafts — 14 with “excellent” 
results). Brock has reported 1 case of successful 
grafting with a resection of 12% cm of the aorta. 
Glenn has operated on a woman, aged 19, with a 
stenosis measuring 10% cm in length, extending from 
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the thoracic aorta to the origin of the coeliac artery. 
Resection was impracticable, as the coeliac artery 
branched off from the stenosis itself. After thoraco- 
abdominal incision and resection of the left 9th rib, 
the spleen was removed. The splenic artery was used 
for anastomosis, the splenic end being implanted 
end-to-side into the aorta proximally to the stenosis. 
In spite of the retrograde flow through the splenic 
artery, the result was excellent clinically as well as 
at examination of blood pressure, oscillometry and 
angiocardiography. 


During the isolation of the aorta, attention 
should be paid, i.a., to the left vagus, the left 
recurrent nerve and to the thoracic duct. Owing 
to the abnormal anatomical conditions, these may 
follow an abnormal course. The dissection must 
therefore take place very close to the aorta, and 
troublesome bleeding may thus readily occur from 
the bronchial, mediastinal and oesophageal arte- 
ries. We have successfully avoided pareses of the 
recurrent nerve. 

When the aorta has been mobilized, it is 
clamped above and below the stenosis, which is 
excised, leaving on either side a lumen which 
should preferably have a normal aortic diameter. 
If the diameter does not become normal in the 
anastomosis, a decrease of the blood pressure to 
normal can not be expected after the operation. 
After excision there should be a “cuff” of the 
aorta, measuring at least % cm in length, on 
either side for the anastomosis. The surgeon is 
often unpleasantly surprised at finding atheroma- 
tous plaques beneath intima even in young indivi- 
duals. Tearing in such a plaque in the aorta by a 
suture made further resection necessary in a 
couple of cases. At our first operations, a conti- 
nous stitch was used, interrupted at two or three 
places, but it has proved to be safer and easier to 
use everting, interrupted U-sutures tied externally. 


Crafoord previously recommended a simple in- 
terrupted suture, adapting the different layers of the 
vascular wall to each other, but has since given up 
this technique, as aneurysms developed in several 
cases at the site of suturing. 


After suturation, the clamps on the aorta arc 
loosened, first the distal one. Even when the 
anastomosis is sufficient, some haemorrhage will 
occur, but it disappears in a few minutes when 
the filling of the vasa vasorum closes the stitch- 
holes. Defects in the suture-line are closed with 
supplementary interrupted sutures. The proximal 
clamp is then removed. The suture-line is covered 
with gelfoam. In some cases, when it was con- 
sidered that there was a risk of pull on the suture, 
it has been covered with fascia lata. 

The mediastinal pleura is not sutured tight in 
order to prevent the formation of an enclosed 
haematoma inaccessible to drainage after closing 
the thoracic wall. A drain is inserted below into 
the pleura and led under water in a bedside 
bottle. 


After the operation, the pulse, temperature and 
blood pressure are very carefully observed during 
the next 24 hours, so that haemorrhage or shock 
may be treated immediately. 

Postoperatively the following regimen is used 
with some individualization: 

First week: Dorsal recumbent posture with 

slight elevation of the head. 

Second week: Ordinary confinement to bed, 
though the patient is allowed to sit on the 
edge of the bed. 

Third week: Gradual ambulation. 

The patient can often be discharged after 3 
weeks. They are enjoined to avoid severe exertion 
for the first few months, and women are told to 
avoid pregnancy during the first year. 


MATERIAL 

From January, 1948 to August 1953, 44 patients 
with coarctation of the aorta were operated on in 
the Department of Thoracic Surgery, University 
Hospital, Copenhagen; 13 patients with coarcta- 
tion who were not operated on were admitted 
to Medical Department B, and 10 to the Pediatric 
Department. Contraindications were mainly: old 
age, low age, severe insufficiency and different 
circumstances, especially complicating diseases 
of different kinds. Four died of insufficiency 
during the hospitalization. Sixty-seven patients 
have thus been admitted for coarctation of the 
aorta. Fortyfour of these have been operated 
upon, and operation has been planned in 5 cases. 
This gives an estimated percentage of operability 
of 73. 

Table 1. 
Survey of 67 cases of coarctation. 





MEDICAL CASES 


etn tenten eere es 4 
ant orenhnennsinsensesecsessser 5 
Slight complaints and great age................ 3 
Complications including decompensation........ 5 
Surgery met wanted „„....-sscesccesesercereece 1 

18 





SURGICAL CASES 


Bets BO sar eseeesensncrcseevnesee 5 
Patent duct closed, resection postponed..... 2 
Resections: 

in vaewensthernhaddraaseniss 35 


. venetversneneenteeeseas 4 


area dend 3 
49 
Cases admitted with coarctation ................ 67 





In the 44 cases operated on, the preoperative 
diagnosis proved to be correct. In 2 patients, aged 
4 and 8 vears, the operation was confined to 
ligation of a patent ductus arteriosus, subsequent 
resection being postponed to a time when the 
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collaterals would be better developed. Resection 

was performed in the remaining 42 cases. 
Twentv-nine of the patients were males, 15 

females. The age-distribution was as follows: — 





< 10 10-15 15-20 20-30 30-35 35-40 


Number: 4 10 6 17 5 


1 (37) 1 14 


40 years Total: 





Age-distribution of cases operated on. 


Twenty-three of the patients could be termed 
fit for work, while 6 received disablement pensions 
owing to their heart disease. Eleven had had 
symptoms from early childhood; 8 had never been 
troubled by their disease. In several of the patients 
the disease had not become clinically evident until 
they arrived at school-age with the increasing 
physical activities of this age. In a large group 
the symptoms did not become troublesome until 
early adult thood. 

The symptoms that caused the patients to con- 
sult their doctor were cardiac in 18 cases. In 4 
cases a subarachnoid haemorrhage gave the diag- 
nosis, whereas is was more an occasional finding 
in 11 cases, e. g., a murmur was revealed at a 
routine examination of a child, or when a certifi- 
cate was to be issued. Only in one case did 
complaints of insufficiency of the lower extremi- 
ties (intermittent claudication) give rise to the 
decisive medical examination. 


CLINICAL FINDINGS 

The patients are generally admitted to the Pedia- 
trice Department or to Medical Department B, 
where intra-arterial blood pressure measurement 
and — if necessary — cardiac catheterization are 
performed. 

A high arterial blood pressure, determined on 
the upper arm, was found in all cases. In 2 patients 
the blood pressure decreased to normal during the 
confinement to bed. The figures referred to in the 
following are the lowest measured blood pressures 
during the patients’ stay in the hospital. We have 
realized, however, that this does not afford il- 
lustrative information about the nature of the rise 
in blood pressure. The rise during a standardized 
muscle exercise would presumably be a more 


adequate expression for the abnormal blood 
pressure regulation than the blood pressure under 
basal conditions. This method had been used 
during recent vears, but the results of the investi- 
gations are not vet summed up. 






The systolic blood pressure in adults varied 
from 155 to 215 mm Hg, the diastolic pressure 


from 70 to 105 mm Hg when complicating mal- 
formations were not present. In 2 patients with 
septal defect plus patent ductus and bicuspid 
aortic valve respectively, the blood pressure was 
found to be 120/15 and 130/50 mm Hg, and in 
one case with a carotid artery following an ab- 
normal course it was 145/70 mm Hg. No other 
adults had a blood pressure below 150 mm Hg. 

The electrocardiogram (no data available in 1 
case) was normal or without unquestionable ab- 
normalities in 20 cases (left-sided axis deviation, 
negative T3 not being considered). The femoral 
pulse was impalpable in 10 cases. Abnormal pul- 
sations were observed in at least 33 cases. Normal 
auscultation was found in none. A murmur was 
always heard. Ophthalmoscopy was performed in 
25 cases; 14 out of these showed hypertensive 
retinal angiopathy. The others showed no definite 
hypertensive changes. One had retinal haemor- 
rhages. X-ray showed one or more anomalies in 
all cases. Erosions of the ribs were absent in a 
few patients only. Intra-arterial blood pressure 
measurements performed in 34 cases showed in all 
a completely typical curve. Simple blood pressure 
determination on the lower extremities is of little 
value when the intra-arterial method can give 
simultaneous, exact recording of the pressures in 
the radial and femoral arteries. In the cases 
where this was done, the blood pressure in the 
femoral artery was much lower than in the 
brachial artery, whereas it was often seen that 
the diastolic pressure was a little higher. This is 
due to the fact that the pulse wave in the lower 
extremities passes more evenly through the widely 
branching vascular bed formed by the collateral 
vessels. 

Angiocardiography performed in 5 cases 
showed stenosis in 4 and 1 failed. Aortagraphy 
performed in 3 cases showed stenosis in 2 and 1 
failed. 


Table II. 


Summary of symptoms and findings in 


14 surgical cases. 





SYMPTOMS 


A. see raderen nanne de wb 8 
nt ee av a 23 
EN tenemen neren iweer ene sens ts 6 
Ee na ent evenaarde stean 31 
nennen nnee kn ee wete ns neee goon 18 
ne senen ener ene en 6 
Insufficiency of 4 nn on El sed re end 2 
aen outsensttiee AL SMEME oee soe oee eee 15 


CLINICAL FINDINGS 


Normal Mieed-BEBBEREE „eers ecveeeee 0 
eben knn etondeenbe ne 0 
deed nn nk ann ede 0 
Normal Ecg. (out of 43 Eegs) .…............... 20%) 


Hypertensive retinal picture (out of 25 ophtalm.) 14 

Typical curve of intraart. pressure (out of 34 
er nn kare on ede aat Dise ar wee 34 

Femoral pulse impalpable .................. sc AN 





*) left-sided axis-deviation and negative T3z not estimated abnormal. 
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OPERATIONS 

Forty-two resections of the aorta were per- 
formed, in 35 cases end-to-end anastomosis, in 4 
cases aorta-end-to-subclavian-side anastomosis, in 
3 cases aorta-end-to-subclavian-end anastomosis, 
and, as already mentioned, in 2 cases the oper- 
ation was confined to transection of a patent duct. 

One of these patients was a 4-vear-old girl with 
fairly severe cardiac symptoms. At operation a steno- 
sis of the aorta was found, close by the subclavian ar- 
tery. Centrally from the stenosis a patent duct opened 
into the aorta. The duct measured 2%% cm in length, 
and was almost of the same calibre as the descending 
aorta. It was contemplated to transect the duct close 
by the heart in order to use it for an anastomosis with 
the aorta peripherally of the stenosis. This was aban- 
doned, as it was not ventured to clamp the aorta owing 
to the slightly developed collaterals. This patient (to- 
gether with another patient — an 8 year old girl), 
will be subjected later to resection of the aorta. 

In most cases nitrous oxide-oxygen-ether 
anesthesia was used. In 5 cases barbiturate as in- 
travenous injection plus N20-ether, and in 5 cases 
cyclopropane was used in connection with ether. 
The latter was administered during all anesthesias 
except one. Curare was used in 9 cases. Controlled 
hypotension was not used in this series. 

In most cases the duration of the operation was 
from 3 to 4% hours. In 7 cases the operation lasted 
5% hours or more, and in 3 cases it was performed 
in less than 3 hours. It is, at a rule, trouble- 
some haemorrhage which protracts the operations. 
Two operations lasted 6 hours. In one of these 
cases, resuturing of the aorta had to be performed 
owing to haemorrhage from the posterior surface 
of the anastomosis. In one of these two cases the 
postoperative course was uneventful; broncho- 
pneumonia developed postoperatively in the other 
patient. 

Complicating malformations were stated in 19 
cases. In 13 cases a patent duct was found, in 4 
interventricular septal defect, in 2 a bicuspid 
aortic valve, in 1 case transposition of the great 
vessels, in 1 a carotid artery had an abnormal 
course, and 1 patient had a bipartite mitral 
ostium. Aortic aneurysm was present in 1 case, a 
large intercostal aneurysm in 1. Those of the 
malformations mentioned here which were ascer- 
tained at autopsy will be dealt with later. Nineteen 
cases with complicating malformations must natu- 
rally be considered a minimum figure. 


Non-fatal complications during operation. 


In 23 cases the clamping of the aorta lasted from 
40 to 90 minutes. The shortest duration was 2: 


minutes, the longest 3% hours. 


Gross urgently warns against rapid removal of the 
proximal aorta clamp, as does Hufnagel. Gross 
considers that he himself has observed one death due 
to too rapid removal of the clamp. G len n uses 5 min- 
utes to remove the clamp on the arch of the aorta 
(which he always uses), at the same time placing 


the patient in Trendelenburg’s position and giving 
blood transfusion under pressure. Crafoord does 
not attach special importance to this question. 


As previously mentioned, we take 1 to 2 minutes 
to loosen the clamp, while the sufficiency of the 
suture is watched over. In the course of this ma- 
nipulation, the action of the heart began to fail in 
one case at an otherwise uncomplicated operation. 
After renewed application of the clamp it became 
normal again. This happened 3 times, after which 
the action of the heart remained normal until the 
operation was finished. (See Case IV). 

Generally, but not always, a rise in the blood 
pressure occurs after application of the clamps. In 
one case the blood pressure rose to 300 mm Hg 
without detrimental consequences. A rise in the 
blood pressure will always follow, and it is high- 
est when the arch has to be clamped. At the end 
of the operation the systolic blood pressure was 
generally 130—160 mm Hg. We have observed re- 
peatedly that interruption of the blood stream 
through the intercostal arteries may cause the 
blood pressure to rise, but the anesthesia records 
give definite information hereof in only a few 
cases. 

Cardiac arrest oecurred in 3 cases; in 2 just 
after opening the thorax and application of the 
local anesthesia. In one case the heart started 
spontaneously, in the other one the pericardium 
had to be opened. After heart-massage, the action 
became normal and the operation was completed 
without difficulty. In the third case death oc- 
curred on the table. (See Case II). 

The stenosis is most frequently from 1 to 3 cm 
from the subclavian artery. In some cases a very 
long resection had to be performed in order to 
obtain a sufficiently wide lumen in the anastomo- 
sis. The longest resection measured 5 cm. In this 
patient there was also an intercostal aneurysm of 
walnut-size; this was extirpated with the stenosis. 
In spite of some tension, an end-to-end anastimo- 
sis was established. The course was uncomplicated, 
and the patient was able to resume his very hard 
manual work. In 3 cases the subclavian artery had 
to be used for anastomosis. In cases where the 
sutures were subjected to tension, a strip af fascia 
lata was used to cover the suture-line. This was 
done in 7 cases. 

In 1 case the sutures tore an end-to-end anasto- 
mosis, so that the subclavian artery had to be used. 
On one occasion a drain after closing the chest 
wall produced a copious haemorrhage from one 
of the brittle intercostal arteries so that renewed 
ligation was necessary. 

In 11 cases (out of 39 with available data) 2000 
cc of blood or more was given. As à rule 1000 to 
1500 cc of blood was given in the other cases. 


Non-fatal postoperative complications. 
The postoperative course was in most cases un- 
eventful. In very few cases the secretion through 
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the drain amounted more then 400 cc. Generally 
the drain was removed on the third day. 

Two hours after the operation one patient had 
an enormous intrathoracic haemorrhage and col- 
lapsed. Transfusion was established immediately 
in the ward. At the operation following as soon as 
possible, 3.4 liters of blood from an intercostal ar- 
tery was sucked up. The patient recovered. 

Two hours after the operation 1 patient devel- 
oped pulmonary oedema which was treated with 
phlebotomy. 

In only one case did we observe atelectasis after 
the operation. It subsided after bronchoscopic 
aspiration. 

A boy developed bronchopneumonia; resutura- 
tion had been required owing to insufficient 
anastomosis to begin with, so that the duration 
of the operation was extended to 6 hours. 

Two patients had prolonged periods of inexpli- 
cable fever, which subsided after chemotherapy. 
In 2 cases there developed prolonged urinary re- 
tention and in one of these cases postoperative 
deep thrombophlebitis of the lower extremity. The 
latter was the patient in whom resuturing had to 
be performed 2 hours after the resection. Finally, 
exsufflation of a pneumothorax had to be per- 
formed once. 

A woman, pregnant in the third month, had an 
abortion on the 12th day. Curettage was unevent- 
ful. 


Deaths. 

Seven patients died during the operation or in 
the postoperative period, 6 of haemorrhage, 1 of 
heart failure. Case reports are given below. 


1: — Case record no. 161/48. A man, aged 40, a dis- 
ablement pensioner. 

History: heart symptoms for 28 years, increasing 
much during recent years. Haemoptysis 2 vears prior 
to operation. 

Preop. exam.: clinical enlargement of the heart. X- 
ray: cardiothoracic index 57. Ecg.: left axis dveiation. 
B. P.: 130/50 mm Hg. S.R.: 58 mm/1 hr. 

Operation: anesthesia: N20-Os-ether. Operation dif- 
ficult due to pleural adhesions. Collaterals enormous. 
Two sets of intercostal arteries were ligated. Stenosis 2 
cm below the subclavian artery. End-to-end anastomo- 
sis with one anterior and one posterior continous su- 
ture and 4 U-sutures. Drain was removed the 5th day. 
Secretion 800 cc. 

Course: 15th day inexplicably septic (urine without 
pathological constituents); 20th day pneumonia; 22nd 
day paralytic ileus; 24th day oozing of blood from 
the wound; 25th day fatal haemorrhage. 

Autopsy: large haemothorax originating from one 
of the ligated intercostal arteries which was open, 
small parietal thrombi in the aorta, atherosclerosis, 
hyperthrophy of the heart (610 g), splenic infarction 
and thrombosis of the mesenteric vessels. The aortic 
valve was bicuspid. The anastomosis was sufficient. 
Microscopical examination of the kidneys: multiple 
abscesses. 


II: — Case record no. 185/48. A man, aged 29, a 
disablement pensioner. 

History: heart symptoms for 15 years with in- 
creasing failure. Preop. exam.: dyspnoea at rest and 
slight cyanosis, clinically: considerable enlargement 
of the heart. X-ray: cardio-thoracic index 66, moderate 
pulmonary congestion. Ecg.: right bundle branch block, 
B. P.: 160/110 mm Hg. Cardiac catheterization: in- 
creased pressure in the right half of the heart. The 
decompensation was not considered amenable to medi- 
cal treatment. 

Operation: anesthesia: N20-Os-ether. Chronic con- 
gestion of the lungs. Operation extremely difficult 
owing to the large heart which took up so much space 
in the chest that is was a problem to get room enough 
for the instruments. Consequently, the haemostasis in 
the mediastinum was difficult. Stenosis 2 cm below 
the subclavian artery. Two sets of intercostal arteries 
were ligated. The ligamentum arteriosum was ligated. 
Haemorrhage from a retracting vessel occurred and 
was treated with tamponade. After clamping of the 
subclavian artery end-to-end anastomosis was per- 
formed. The heart-action stopped twice during sutura- 
tion, but recurred after massage and epinephrine and, 
as ventricular fibrillation occurred, injection of pro- 
caine. Before the chest was closed, renewed bleeding 
occurred from the mediastinum and an intercostal 
artery; this was stopped after tamponade. When the 
patient was turned to the dorsal recumbent position 
after the thorax had been closed, irreversible cardiac 
arrest occurred after renewed profuse haemorrhage 
from the mediastinum and the aortic suture. 


Autopsy: enlargement of the heart (915 g), chronic 
endocerditis of the aortic valve, chronic localized peri- 


carditis and chronic adhesive pleurisy — and haemor- 
rhage. 
III: — Case record no 257/48. A man, aged 18, a dis- 


ablement pensioner. 

History: organic heart disease ascertained at birth; 
heart symptoms since his boyhood, now increasing 
dyspnoea and frequent epistaxis. 

Preop. exam.: The heart was clinically considerably 
enlarged with violent pulsation of the entire precor- 
dium. X-ray: cardiothoracic index 72 signs of con- 
gestion. Ecg.: left sided stress, bayonet-shaped STI & 
II, changes increasing since the examination one year 
earlier. B. P. 120/15 mm Hg. Hgb.: 70 per cent. S.R.: 
7 mm/1 hr. 

Operation: anesthesia: barbiturate-N20-0z-ether. 
Operation uncomplicated. 2 sets of intercostal arteries 
and a patent duct the thickness of a pencil were ligated. 
End-to-end anastomosis with 2 continous sutures + 
U-sutures. B. P.: after the operation 130/-mm Hg. A 
few hours later, sudden collapse and cardiac arrest 
owing to haemorrhage and without possibility of in- 
terference. 

Autopsy: large haemothorax from rupture of the 
posterior continuous suture, enlargement of the heart 
(850 g), atheromatosis aortae |. gr, interventricular 
septal defect, bicuspid aortic valve. 


IV: — Case record no 145/49. A girl, aged 12. 


History: a premature, retarded development, always 
delicate. She had been in hospital 7 times earlier, 
ia, for febrile convulsions. Severe, increasing dysp- 
noea, precordial pain, fatigue. 
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Preoperatively: the heart was enlarged clinically. 
X-ray: enlargement of the heart. Ecg.: left-sided 
stress, myocardial affection. B.P.: 140/110 mm Hg. 

Operation: anesthesia: barbiturate-N20-Oz-cther. In- 
fusion: blood 875 ce, glucose 570 ee (ineluding 70 ee 
of 50 per cent solution during the pulmonary oedema 
that occurred), Dextran 380 ce and serum 250 cc. The 
lungs were the seat of chronic congestion. One inter- 
costal artery was ligated. An elongated stenosis 1 cm 
below the subelavian artery. Operation was technically 
uncomplicated. Clamping for 23 minutes. End-to-end 
anastomosis was performed. Loosening the central 
aorta clamp (very slowly) caused 3 times a fall in 
the blood pressure and impaired action of the heart, 
which was obviated when the clamp was applied 
again. At the same time the patient had a foamy ex- 
pectoration. When the clamp had been loosened the 
last time, the action of the heart remained satisfac- 
tory after observation for 12 minutes. The thorax was 
closed. The general condition was now satisfactory. 
Two hours later, ecyanosis and cardiac arrest sud- 
denly occurred. 

Autopsy: enlargement of the heart (250 g), pro- 
nounced congestion of the right lung and stenosis of 
the aortic valves. 

The anastomosis was intact. 


V?: — Case record no. 119/51. A boy, aged 12 vears. 

History: symptoms of heart disease since birth. Fa- 
tigue, palpitations and dyspnoea on exertion were ag- 
gravating. 

Preop. exam.: precordial bulge and a thrill were 
found. X-ray: cardio-thoracic index 62, aortic shadow 
7 em. Eeg.: within normal limits. B. P.: 175/70 mm 
Hg. Cardiac catheterization: Interventricular septal 
defect with moderate shunt. 

Operation: anesthesia: N20-Oz-ether. Uncomplicated 
operation. Two intercostal arteries were ligated. 
Elongated stenosis immediately below the subelavian 
artery; a small artery was present in ligamentum 
arteriosum. End-to-end anastomosis with interrupted 
U-sutures and 2 extra interrupted sutures. Duration of 
clamping 1 hour. 

Course: 15th dav restlessness, 16th dav signs of a 
small intrathoracic effusion on X-ray, 20th day hac- 
moptyses, 23rd day fatal haemoptysis. 

Autopsy: periaortice haematoma with propagation to 
the lung. It was in incipient organization and origi- 
nated from a torn-out suture in the anastomosis. En- 
largement of the heart (410 g). Slight atheromatosis 
of the aorta, bicuspid aortic valve and interventricu- 


lar septal defect. 


VI: — Case record no 344/51. A housewife, aged 24, 
a disablement pensioner. 

History: six years earlier sepsis and endocarditis 
lenta ( 1 vear confinement to bed). Now increasing 
heart symptoms with precordial pains, dyspnoea and 
complaints of hypertension. 

Preop. exam.: systolie and diastolie murmurs. X- 
ray: cardio-thoracie index 52. Ecg: left axis deviation, 
diphasic T, g jj B. P.: 170/70 mm Hg. Cardiac cathe- 
terization: interventricular septal defect. Indication 
for operation was supported, inter alia bv the ris- 
ing blood pressure as compared to values found du- 
ring previous stays in hospital. 

Operation: anesthesia: N20-Ozs-ether. The operation 
uncomplicated. Ligation of intercostal arteries was 


not required. Stenosis 1%2 cm below the subelavian 
artery. End-to-end anastomosis with interrupted U- 
sutures and 1 supplementing suture. The aortic wall 
was thin, hypoplastic and brittle, with atheromatous 
spots in the intima (only observed after transection). 
Anostomosis primarily satisfactory. Microscopial exam- 
ination of the resected segment of the aorta showed 
hypoplasia with inflammation. The structures of the 
wall resembled that of a venous wall. 

Course: Mh dav restlessnes; observation for 4 hours 
with a view to haemorrhage. Sudden death. 


Autopsy: haemothorax, rupture of the anastomosis. 
All sutures had cut through the brittle aortic wall. In 
addition, enlargement of the heart (500 g), sequelae 
of bacterial endocardi‘is with defect of the aortic 
valve, aneurysm of the root of the aorta, interventric- 
ular septal defect, infarction of the kidneys. 


VII: Case record no. 19/53. A farmhand, aged 20. 
History: previously in good health and fit for work. 
Slight heart symptoms and complaints of hypertension 
present only for 1 vear. Preop. exam.: X-ray: cardio- 
thoracic index 57, enlargement of the heart. Ecg.: ST 
ra&i depressed, Tg jj negative. B. P.: 150/80 mm Hg. 

Operation: anesthesia:N20-0Os-ether. Two intercostal 
arteries were ligated. One of the sutures slipped, pro- 
fuse haemorrhage followed (1.6 litres in 5 minutes). 
The haemorrhage was stopped by ligation. The steno- 
sis was close to the subclavian artery, so that the 
anastomosis actually became aorta-end-to-subclavian- 
side. Suturing with continuous suture posteriorly and 
U-sutures anteriorly. Forty-five minutes later the 
patient collapsed in the ward. He was at once taken 
to the operating room where thoracotomy showed that 
death had occurred owing to profuse haemorrhage 
from the aortic stump of an intercostal artery from 
which the ligature had slipped. 

Autopsy: showed a defect of the aortic valve, enlarge- 
ment of the heart (600 g) and a bipartite mitral 
ostium. The anastomosis was sufficient. 

Two patients died after discharge. 

VAI: Case record no. 71/48. A housewife, aged 28. 

History: heart symptoms since a myocarditis during 
girlhood. Two induced abortions owing to the heart 
disease. Operated on for relative insufficiency. On 
admission, slight jaundice, plasma colour: 30. 

Operation: uncomplicated subelavian-end-to-aorta- 
end anastomosis. She was the patient who aborted on 
the 12 day. Otherwise the postoperative course was 
uneventful. The patient was feeling well when dis- 
charged. 

Soon after discharge she became pregnant again. 
The pregnancy was complicated bv jaundice (hepati- 
tis?) for which she was admitted twice to hospital 
B.P.: normal. 

Ten months after the operation the patient died in a 
maternity ward. Delivery 14 days before term. It was 
conducted carefully: episiotomy and forceps being 
applied aften 15-minute 
child was healthy, weighed 2950 g. Five hours later the 


uterine contractions. The 
patient died in a state of shock 


Autopsy: congestive pneumonia (“engouement”), 
recent endocarditis, parenchymatous degeneration of 
the liver, splenomegaly. Enlargement of the heart, 
sequelae of myocarditis and endocarditis, and inter- 


ventricular septal defect. The anastomosis was intact 
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IX: — Case record no. 105/51. A postman, aged 20. 

History: previously in good health. Four months 
prior to operation endocarditis (non-haemolytic strep- 
tococci). 

Preop. exam.: X-ray: cardio-thoracic index 57, trans- 
position of the great vessels with large shunt. Cultures 
from the blood at time of operation were sterile. B. P.: 


170/75 mm Hg. 

Operation: Stenosis 3 cm below the subclavian ar- 
tery and, immediately below this, an aortic aneurysm 
of plum-size which was removed at the resection. End- 
to-end anastomosis. The aortic wall was thin, micro- 
scopial examination: subacute bacterial end aortitis. 
Postoperatively pulmonary oedema occurred; this was 
treated with phlebotomy. Otherwise the postoperative 
course was uneventful. B. P.: 100/50 mm Hg when the 
patient was discharged. Two months later, recurrence 
of sepsis and endocarditis. He died 8 months after the 
operation with signs of increasing heart failure. 

Autopsy: verrucose endocarditis of the aortic valve, 
enlargement of the heart (950 g), transposition of the 
right pulmonary vein (opening into the vena cava 
superior, the sinus coronarius and the left auricle). 
The anastamosis had healed and admitted a little 
finger. 

In the two last-mentioned cases it must be supposed 
that the operations were not contributory to the 
cause of death. In Case IX the purpose of the operation 
was just to afford better conditions for the healing of 
the endocarditis. 


DISCUSSION 

1) Non-fatal complications during operation. 

The difficulties that were encountered were not 
greater than anastomosis could be established in 
all cases. Resuturing of an end-to-end anastomosis 
had to be performed twice owing to insufficiency. 
In one case of this kind (a woman, aged 20, 133/ 
48) the anastomosis had to be changed into a 
subclavian-aorta anastomosis, as tearing of the 
sutures was due to atheromatosis in the aorta, and 
tension could not be avoided in the case of end-to- 
end anastomosis. In the other case (a boy, aged 12, 
234/51) an end-to-end anastomosis could be re- 
established with great difficulty. In spite of some 
tension of the sutures, the anastomosis was satis- 
factory. We have been somewhat anxious that we 
had been too daring in establishing the end-to- 
end anastomoses. Actually, many of these were 
aorta-end-to-subclavian-side anastomosis, as the 
“trunk” of the aorta was very short, and there 
was some tension of the sutures in spite of careful 


mobilization. A study of the series does not seem 
to support this suspicion. In the case where death 
occurred owing to tearing of the suture (Case V) 
there was no tension on the sutures. 

Cardiac arrest is a complication that cannot be 
avoided at operations on the heart. Two out of the 
3 cases in the series in which the heart stopped 
had electrocardiographic signs of myocardial af- 
fection. The third had no definite electrocardio- 
graphic changes. In this case the heart started 
spontaneously again. 


After operation. 

Lung-complications: 1 case of pneumothorax, 1 
of atelectasis, 1 of bronchopneumonia and 2 of 
pulmonary oedema. As relative heart failure was 
present in many cases before the operation, it must 
be considered a low incidence. 

It is difficult to explain the prolonged attacks 
of fever in 2 cases. Resorption fever from haema- 
tomas around the seat of resection might be 
thought to afford the explanation, but it was not 
possible to see it on X-ray. 

The serupulous supervision of the patients post- 
operatively is necessary — and not futile — ; this 
is stressed by the case in which, in spite of sudden 
collapse a few hours after the operation, it was 
possible to save the life of the patient at reoper- 
ation, though the loss of blood was over 3 % litres. 


2) Fatal complications. 

The deaths were evenly distributed in the 
various age groups, only 1 patient over 30 years 
died. Thus it cannot be concluded from this series 
that operation at ages over 30 is contraindicated. 

In going through the case records to find 
common features, it appears, as would be ex- 
pected, that most of the patients who died — 6 out 
of 7 — were poor risks. Four out of the 6 were 
disablement pensioners (of 6 in the whole series); 
these four patients had considerable and in- 
creasing heart symptoms with a varying degree 
of heart failure with clinically and roentgenologi- 
cally enlarged hearts (weight at autopsy: 500, 610, 
850 and 915 g). The two 12-vear-old children 
were delicate and poorly developed with fairly 
pronounced, increasing symptoms of failure and 
large hearts (250 and 410 g). One patient who died 
had had only slight cardiac complaints. 


Table HI. 
Surgical deaths related to age. 





Age < 10 y 10-15 15-20 


Number of 
operations 4 10 6 


Deaths 0 2 1 


20—30 30—35 35 —40 40 
17 5 1 1 44 
32°") 0 0 1 72) 





*) 2 ligations of patent duct included (no deaths). 
**) late deaths unrelated to surgery (case 8 and 9). 
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The six deaths of haemorrhage were due to: 


sen ear kene en nt en 1 case 
Tearing of aortic wall by suture .………......... 2 cases 
Insufficient suture and sliding of ligature.. 1 case 
Cutting of ligature through intercostal artery 2 cases 


Ruptured suture (Case 3, 257/48). — Uncompli- 
cated end-to-end anastomosis without tightening. 
The posterior continuous suture had ruptured. In 
the case of rupture the chance of saving the 
patient’s life by immediate operation must be 
greatest when interrupted sutures are used. 

Tearing of aortic wall by suture (Case 5, 119/ 
51). — The operation was uncomplicated; there 
was an elongated stenosis close to the subclavian 
artery. Aorta-end-to-subclavian-side anastomosis 
was established without tension, so apparently 
there was no reason for establishing an aorta-end- 
to-subclavian-end anastomosis. That the patient 
had had several minor haemorrhages before the 
large fatal one appears from the partial organ- 
ization of the haematoma. A small shadow in the 
X-ray of the thorax on the 16th day, and the 
haemoptyses occurring 4 days later, might have 
given rise to interference. But a shadow need 
not necessarily mean insufficiency of the sutures 
with haemorrhage and, further, haemoptyses are 
well-known as a complication in heart failure. We 
observed haemoptyses in another case in which 
the sutures were not insufficient (Case 9). 

In the second case (Case 6, 344/51) there were 
no difficulties in establishing the anastomosis. 
The central part of the aorta was obliquely cut‚ so 
that congruous lumina and sutures without tension 
were obtained. Slipping was complete; all sutures 
had cut through the stitch holes in the hypoplastic, 
inflamed aortic wall. That the aorta was not so 
well fit for suturing could not be decided before 
it was opened at the operation. Had reoperation 
been performed when the symptoms of anaemia 
developed on the 9th day, it is doubtful whether 
the outcome would have been different. 

Insufficient suture and sliding of ligature on the 
ligamentum arteriosum in the case (Case 2, 185/ 
48) where death occurred on the table and cardiac 
arrest had occurred twice in advance, are ex- 
plained by the technical difficulties owing to the 
enormous enlargement of the heart, as already 
mentioned. 

In both cases where bleeding from an inter- 
costal artery was the cause of death, there had 
been great difficulties at the operation because 
ligatures and sutures slipped or cut through. In 
one (Case 1, 161/48), who died on the 25th day, 
interference was impossible owing to the septic 
condition, even when blood appeared from the 
wound. The microscopical finding of multiple 
renal abscesses is presumably indicative of bac- 
terial thrombi. However, the possibility cannot be 
excluded that the condition caused brittleness of 
the tissues, and that this played a part in the 
slipping of the suture on the intercostal artery. A 


sedimentation rate of 58 mm/1 hr. three weeks 
prior to operation ought to have caused renewed 
examination of this and perhaps reluctance with 
regard to operation. In the second case (Case 7, 
19/53) where haemorrhage occurred three quarters 
of an hour after the operation, nothing could be 
done in spite of attempts at saving the patient’s 
life. 


CONCLUSIONS 


If anything can be learned from these deaths 
owing to haemorrhage, it is at least that in cases 
of advanced heart disease considerable difficulties 
can be expected in checking the bleeding. This is 
presumably due to the fact that the early athe- 
rosclerosis reduces the reliability of ligatures and 
sutures both on the aorta and on the collateral 
arteries. 

Considering the above-mentioned fact that there 
was a comparatively great number of poor risks 
among the patients who died, I examined the case 
records and found that if the nine poorest risks 
had been excluded, the lethality would have been 
as low as 1 in 33 resections. It is difficult from 
the statistical statements published to obtain a 
total account of the degree of influence of heart 
failure on the risk of operation, as reports on 
operations on elderly patients are given as case 
reports. According to the results given in the 
present study, it seems to be the general clinical 
condition, and especially the degree of heart 
failure, that influences the risk of operation to a 
higher degree than does the patient’s age. In spite 
of the miserable prognosis of those who are not 
operated on, the indication for operation should 
possibly be established with some more reser- 
vation than we have taken till now. 

It cannot be seen that different methods of 
anesthesia may have influenced the frequency 
of complications. Nitrogenmonoxide-oxygen-ether 
anasthesia alone was used in 26 cases, induction 
with barbiturates intravenously in 11 cases. Cy- 
clopropane was used in combined anesthesia in 
5 cases, but never alone, while curare was used 
9 times to ensure controlled respiration. There 
was only one case in which ether was not used. 


SUMMARY 

After a survey of the clinical features of co- 
arctation of the aorta and a reference to statements 
of operations previously published, the author 
describes the technique of examinations and oper- 
ation used in the Department of Thoracic Surgery, 
University Hospital, Copenhagen. 

The results of examination and the primary 
results of operation in 44 patients operated on are 
reported. Resection was performed in 42 cases. 
Seven patients died after the operation, 6 of 
haemorrhage, 1 of heart failure. 

The complications occurring in the series are 
reported and discussed. The cases of death are 
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described in detail. The possibilities of reducing 
the risk of the operation are discussed. 


Resection was performed in 7 patients over 30 
vears; 1 of these patients died. Age as such does 
not contraindicate operation. It is heart failure 
and arteriosclerotic changes, often only recognized 


during resection, which especially 


increase the 


risk of the operation. 


Since this paper was written, 27 
were operated on. Three died, one 


an 


further cases 
of them after 
explorative thoracotomy. Two grafting oper- 


ations are included in the series, one monograft 
and one nylon-graft, both with good results. 
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PEPTIC ULCER AND THE 


ABO BLOOD GROUP SYSTEM 


By K. HARRY SORENSEN 


During the past two vears, publication of 
materials from London, Manchester and New- 
castle (1), Oslo (4) and Copenhagen (6) have all 
demonstrated that the blood group O is definitely 
more frequent among patients with peptic ulcer 
than in control materials, without any plausible 
explanation of the phenomenon being offered 
(1, 4). All the authors are, however, unanimous 
that neither the materials of peptic ulceration nor 
the control materials are representative. All these 
materials originate from large cities. 

As material from a provincial hospital com- 
prises, practically speaking, all cases from a cer- 
tain district, such a material must be more re- 
presentative than one from a large city, although 
it is difficult to obtain a sufficiently extensive 
material. In the Department of Surgery of the 
State Hospital, Sgnderborg, Denmark, a total of 
606 patients underwent treatment for peptic 
uleer during the period from October, 1946 to July, 
1956. The diagnosis was confirmed at operation 





From the Department of Surgery, State Hospital, 
Sgnderborg, Denmark. (Head: P. Windfeld). 


in 533 cases (88 per cent) and radiologically in the 
remainder of the cases. The material is thus of 
about the same numerical order as two out of the 
three materials originating from England (1) 
(London 1,655, Manchester 679 and Newcastle 
677 patients). In Table 1 the distribution of the 
material according to blood groups appears. The 
term juxtapyloric ulcer is understood to include 
all ulcers in the immediate vicinity of the pylorus, 
both gastric and duodenal, while ulcers of the 
body of the stomach are those situated at a dis- 
tance from the pylorus. The other materials men- 
tioned are subdivided into gastric ulcer and duo- 
denal ulcer; the percentages of gastric ulcer are 
higher than in the present material, possibly on 
account of the inclusion of gastric ulcers in the 
vicinity of the pylorus in the group of gastric 
ulceration. A comparison has therefore been un- 
dertaken of the total materials only. 

It proved impossible to find a satisfactory con- 
trol material. Instead, three large control materials 
from Copenhagen were compared with the average 
distribution of blood groups in the blood donor 
corps from 15 Danish provincial towns from the 





Table 1. 
o A B AB Total 

Males: Juxtapyloric Ulcer 229 —= 50.8 % 163 = 36.1 % 43 = 9.6 % 16 = 3.5 % 451 
Males: Ulcer of the Body 

of the Stomach ………….…. 23 29 4 1 57 
Females: Juxtapyloric 

NE babes. 49 = 61.3 % 26 = 32.5 % S= 38 % 2=24% 80 
Females: Ulcer of the 

Body of the Stomach.. 9 5 El 0 18 
Total: Juxtapylorice Ulcer 278 = 52.3 % 189 = 35.6 % 46 = 8.7 % 18 = 3.4 % 531 
Juxtapyloric: Verified by 

256 —= 54.3 % 164 = 34.8 % 37 = 1.9 % 14 = 3.0 % 471 = 88.7 % of 531 


Operation 
Total: Ulcer of the Body 
of the Stomach 


32 = 42,7 % 34 = 45.3 


% 8 = 10.7 % is 14% 75 





Distribution of the ulcer material 
is too limited for any evaluation. 


according to blood group. The group of ulcers of the body of the stomach 


Table 2. 





No. Oo A B AB 

KE ener vaneen en ede ene id eers 9538 42.0 % 43.5’ 98% 4,7% 
EE WD vannesa eneen tene 14304 40.6 44.0 10.9 4.5 
NC OR BEK anwarerseenesescsnnnnek 7122 41.4 44.6 10.4 3.6 
EN OD eresersmansardanweern ern 5000 41.9 43.5 10.1 4.5 
De RE NE . nonnoerentmorteinweese wesen 9200 41.4 41.2 11.3 6.1 
Ssnderborg: Blood-Donors ................eee eeen 1044 40.4 41.7 12.1 5.8 
Senderborg: Patients ………..….........soeesceveeneeeee 2928 43.1 43.2 10.0 3.7 





The distribution of blood groups in various normal materials. Jordal’s material consists of 2,784 donors 
and 6,754 patients (The Municipal Hospital, Copenhagen); Bryde Andersen’s of blood-donors (Copenhagen) ; 
Gürtler’s material originates from disputed paternity cases; the 15 provincial towns’ material from a corps 
of blood-donors of over 300 from Danish provincial towns according to the annual report from 1955 from 
the Danish voluntary corps of blood-donors. The Sgnderborg patients comprise those patients whose blood 


was grouped in the blood bank of the State Hospital 


since October, 1954. 
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Table 3. 
Oo % A % B %% AB ®% 
Ulcer Control Ulcer Contral Ulcer Control Ulcer Control 
DK ERN eneen 55.4 47.0 34.7 41.0 74 8.9 2.5 3.0 
3011 Patients*) ...... (+ 8.4) ( 6.3) (+ 1.5) (0.5) 
en EE 46.1 37.8 444 50.0 6.3 8.2 3.2 4.0 
1072 Patients .......…. (+ 8.3) (a 5.6) (+ 1.9) (0.8) 
Ksster & al. (6) .……...... 48.7 40.6 39.53 14.0 8.8 10.9 3.1 4,5 
1047 Patients .......…. ( 8.1) (+ 4.1) (+ 2.1) (— 1.4) 
Author's Material ...... 51.2 41.4 36.8 43.53 8.9 10.6 3.1 4.7 
Bes Pultents … (+ 9.8) (= 6.5) (+ 1.7) (+ 1.6) 





The distribution of blood groups in various uleer materials compared with the corresponding control 


materials. 


*) Composed of 1,655 from London, 679 from Manchester and 677 from Newcastle. 


vear 1955 and with a local material of blood- 
donors and patients (Table 2). It is noteworthy 
that the distribution of the blood groups in these 
6 materials is very uniform (maximum difference 
2.7 per cent, 3.4 per cent, 2.3 per cent and 2.5 per 
cent for the groups O, A, B, and AB, respectively). 
It has therefore been considered justified to regard 
the average of all 6 materials as a normal material. 

In comparing the ulcer material and the control 
materials (Table 3), agreement is found with the 
authors previously mentioned (1, 4, 6), concern- 
ing the predominance of Group O in the ulcer 
material at the expense of the three other types. 
The difference between the ulcer percentages 
and the normal percentages for each single blood 
group is surprisingly constant on comparison of 
the 4 materials. The percentage blood group dis- 
tribution is practically identical in the materials 
from England and from Sgnderborg, while the 
figures from Copenhagen deviate slightly. The 
Norwegian figures, on the other hand, deviate 
more markedly as Groups O and A occur with 
almost equal frequency in the ulcer materials, 
while Group O is definitely rarer than Group A 
in the case of the control figures, viz., exactly the 
the opposite of the Danish and English ulcer 
percentages. If the Norwegian figures for O and 
A be interchanged, the Norwegian normal figures 
are practically identical with the English and 
Danish ulcer percentages. The preponderance of 
Group O in the three foreign materials is found 
to be definitely greater in the group of duodenal 
ulcer than in the gastric ulcer group. The author 
of the present paper found no preponderance of 
Group O in the very limited material of ulcers 
of the body of the stomach, which is too small for 
statistical conclusions. The number of females in 


the material, similarly, is too limited for evalu- 
ation. In the English material, no sex difference 
was found (1). 

All the authors mention the difficulty of find- 
ing satisfactory control materials (the material 
from London consists of pregnant women) as 
this is impossible when sex, age distribution, 
place of residence, etc., have to be taken into 
consideration. As appears from Table 2, no sex 
difference in blood groups in a material from 
Copenhagen was found (3), and thus the great 
preponderance of males in the ulcer material 
does not need to be taken into consideration. In 
the present material, 83.8 per cent of the ulcer 
patients were males. 

In order to make the material as representative 
as possible, the juxtapyloric ulcer group was sub- 
divided into that fraction which originates from 
the County of Sgnderborg and which belonged to 
the ordinary district of the Hospital and that frac- 
tion which had permanent residence in other 
counties and of which only a selected minority of 
ulcer patients were hospitalized in Sgnderborg. 
Table 4 shows that the preponderance of Group O 
for patients from the County of Sgnderborg is 
even greater than in the total material at the 
expense of the patients from outside the County, 
an observation which might be anticipated. 

No definite difference in the incidence of rhe- 
sus-negative patients was observed on comparing 
the ulcer material with the control material. 


CONCLUSION 
In agreement with materials previously pub- 
lished, a definite preponderance of blood Group O 
in ulcer patients with juxtapyloric ulcers was 





Table 4. 
Total County of Sonderborg Outside County 
Total Oo % A % B ®% AB % Total O ®%% A °%% B % AB 
Juxtapylorice Ulcer + Ulcer 
of the Body of Stomach.. 606 351 53.6 33.0 9.7 3.7 255 48.6 41.6 1.8 2.0 
Juxtapyloric Ulcer Alone … 531 310 56.0 30.6 9.3 4.2 221 48.7 41.0 8.1 2.2 





The distribution of blood groups in the local material 


and the material originating from outside the County 


for the total material and the material of juxtapyloric ulcers alone. 
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found. On account of the difference in blood 
group distribution in the Norwegian material as 
compared with the other materials and the diffi- 
culties in finding sufficiently representative ulcer 
materials and control materials, reticence should, 
however, be observed in attributing too great 
significance to the preponderance of Group O 
among uleer patients, the majority of which 
were treated surgicallv, until it can be verified 
in sufficiently representative materials. 
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THE TREATMENT OF RESPIRATORY ACIDOSIS 


By S. H. JOHANSEN, J. GORMSEN and V. DYRBERG 


With growing understanding of respiratory 
physiology, interest has been directed towards 
a type of respiratory insufficiency characterized 
by hypoxia, hypercapnia, and a more or less 
compensated acidosis (13). 

This condition — respiratory acidosis — occurs 
when alveolar ventilation is inadequate, be it 
through ineffective function of the respiratory 
muscles, through pathological processes in the 
lung, or through pharmacological or abnormal 
chemical or physical action on the respiratory 
center. The condition may arise acutely, as dur- 
ing anaesthesia; subacutely, as in poliomyelitis 
or a widespread pneumonia; or it may be chronic, 
as typically seen in severe chronic bronchitis 
with emphysema. 

The clinical picture is dominated by signs of 
hypoxia, such as cyanosis, restlessness and dysp- 
noea with rapid, often shallow, respiration and 
tachycardia. Sweating is usually an indication 
that carbon dioxide is accumulating, but clinical 
signs of carbon dixoide retention are often absent 
in the early stage. When alveolar ventilation is 
severely interfered with, however, pCO2 may 
reach such levels that carbon dixoide, the normal 
stimulant of the respiratory center, ceases being 
a stimulant and may even exert a depressing 
effect on the center. Under these circumstances 
hypoxaemia is the only remaining drive to the 
respiration, and attempts at raising the alveolar 
partial pressure of oxygen by adding oxygen 
to the inspiratory air now cause depression of 
the respiration, further accumulation of carbon 
dioxide and eventually lead to apnoea (4). The 
effect of excess of carbon dioxide is well sum- 
marized by Lukas (14). The clinical picture 
is characterized by disorientation, somnolence, 
unconsciousness, stupor, delirium, convulsions, 


From Dept. of Anaesthesia (Head: E. Waing Andersen) 
and Medical Dept. F. (Head: F. Wulff), 
Copenhagen County Hospital. 


and coma. The intracranial pressure rises con- 
siderably owing to a dilatation of the cerebral 
vessels, and at pressures of more than 450 mm 
of water the cerebral circulation commences to 
fail (12). Vasoconstriction occurs in the rest of 
the body, owing to a stimulation of the vaso- 
constrictor center, causing the blood pressure to 
rise. Severe cardiac arrhythmias may be seen. 
In prolonged cases haemoconcentration occurs, 
resulting in increased viscosity and enhanced 
risk of thrombosis (6). The increased carbon 
dioxide tension in the blood tends to produce 
acidosis, but the kidneys can for some time 
compensate for this by excreting H+ with CI 
and NH,+, and retaining Na+ to combine with 
HCO; , thus keeping the ratio HCOs /H2CO3 
constant at 20:1 (7). 

As long as the pH of the plasma is maintained 
within normal limits through an elevation in the 
HCO3 _ concentration, the condition is classified 
as compensated acidosis. With further accumu- 
lation of carbon dioxide, renal compensation 
eventually fails and the pH drops below the nor- 
mal 7.34—7.43. The clinical effects of uncompen- 
sated respiratory acidosis are difficult to disen- 
tangle from those of severe carbon dioxide ac- 
cumulation, as the symptoms are much the same, 
and the end result can be equally fatal. Much con- 
troversy has arisen with regard to the effect of 
acidosis on the myocardium. It has been claimed 
that pH levels below 7 impede the atrioventricu- 
lar conduction (10). However, pH values below 
7 have been measured without specific changes 
in cardiac function (Astrup). It appears that 
rapid changes in pH more than abnormal fixed 
levels are apt to produce cardiac disturbances (6). 

When a pathological condition in the lung 
leads to severe respiratory acidosis, measures to 
improve the ventilation must be taken. It is im- 
portant, however, to provide some factual infor- 
mation in support of the clinical impression in 
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order to recognize the syndrome and evaluate 
the condition of the patient and the effectivity 
of the treatment. Most of the physiological tests 
for pulmonary function are difficult to apply in 
the severely ill patient. Fortunately, a sample of 
arterial bloods is all that is needed for the deter- 
mination of oxygen saturation, carbon dioxide 
tension and pH, and these figures will supply in- 
formation of signal importance concerning the 
respiratory state of the patient. 

In the less severe cases treatment with anti- 
bioties, bronchodilators such as adrenaline and 
aminophylline, physiotherapy, and aspiration of 
bronchial secretions suffice. 

Continuous or intermittent inhalation of a de- 
tergent such as Alevaire is recommended (1) to 
prevent secretions from becoming dry and sticky. 
If in spite of this treatment signs of hypoxia and 
hypercapnia persevere in a degree incompatible 
with life, steps must be taken to diminish the 
respiratory dead space, which is the amount of 
tidal air that does not take part in the alveolar 
ventilation. (The alveolar ventilation —= (tidal 
volume — dead space) X respiratory rate). This 
can be attained in two ways: by orotracheal 
intubation or by tracheotomy. Both reduce the 
dead space by approximately 50 per cent. A de- 
crease in dead space thus means improved ven- 
tilation, provided that the respiratory excursions 
remain unaltered, and additional oxygen now 
produces a considerably higher alveolar partial 
pressure. Carbon dioxide elimination is also 
facilitated, but only adequate ventilation will 
restore the partial pressure to normal levels. Thus 
a decrease in dead space is primarily a means 
for better oxygenation (case No. III). 

Intubation, being far the less traumatic, should 
first be considered, but as an endotracheal tube 
may cause damage to the vocal cords if left in 
place for more than 48 hours (Dam & Z wer- 
gius), the more chronic case calls for tracheo- 
tomy. The polio epidemic in Denmark in 1952 
taught us that this is most safely performed under 
general anaesthesia with orotracheal intubation 
(Ibsen). 

The advantages of tracheotomy (and intuba- 
tion) — apart from the reduction in dead space 

are easy access to bronchial secretions and 
decreased respiratory resistance (17). 

The inherent disadvantage of these measures 
is that the efficacy of coughing is diminished 
(16). Complications related to tracheotomy are 
bleeding in the wound, surgical lesion of the 
oesophagus, subcutaneous emphysema, pneumo- 
thorax, ulceration of the tracheal wall and tra- 
cheal stenosis (9). 

During normal inspiration of atmospheric air 
through the nose the temperature and humidity 
of the air is regulated as it passes along the 
mucosal walls so that a temperature of 36°C and 
a relative humidity of 98 per cent is attained at 
the level of the carina. This regulation is obvious- 


Iy impossible when a patient is intubated or tra- 
cheotomized, in which case the inspired air is 
practically unaltered at the carina (15). Conse- 
quentlv, the air takes up humiditv from the bron- 
chial walls and the secretions become dry and 
encrusted, and difficult to remove. Effective 
humidification of the inspired air presents a 
difficult problem. 

Various devices have been constructed for this 
purpose, since it was realized that the bubbling 
of air (or oxygen) through water merely causes 
a negligible increase in humidity. The best results 
have been obtained by passing the air over a fair- 
ly large surface of heated water, or by spraving 
the water as a mist into the air. 

Great attention must be paid to the patient 
during and immediately after the tracheotomy 
since severe cardiac irregularities may occur if 
changes in pH-pCO2 are too abrupt, and serious 
falls in blood pressure are not uncommon be- 
sause of the vasodilatation following the decrease 
in carbon dioxide tension. 

After the tracheotomy oxygen 2—4 1/min. may 
be added to the inspired air, but if the ventilatory 
insufficiency still prevails this may lead to fur- 
ther respiratory embarrassment, as previously 
mentioned. 

If it is impossible to keep the patient suffi- 
ciently oxygenated and to check his respiratory 
acidosis, artificial ventilation should be instituted, 
this being the only way to deal effectively with 
an excess of carbon dioxide. The augmentation in 
tidal volume thus produced usually improves the 
patient’s condition dramatically. 

The most efficient artificial ventilation is done 
by means of intermittent positive pressure manu- 
ally or mechanically governed (Bjgrneboe 
et al.). In rare instances such as spontaneous 
pneumothorax, mediastinal and gross subcuta- 
neous emphysema, or pulmonary hemorrhage, 
artificial ventilation may be dangerous unless 
the complicating condition can be corrected. The 
period of artificial ventilation should be as short 
as possible, since outside control of a vital func- 
tion such as respiration places an added risk on 
the patient and a heavy load on the attending 
medical staff. 

The respiratory efficiency ought to be reassessed 
after 6—12 hours and, if improved, periods of 
spontaneous and artificial ventilation should 
alternate until spontaneous respiration is ade- 
quate. 


CASE REPORTS 
In the following 4 cases the principles of the 
treatment outlined above have been applied. 


1. (Fig. 1). A 65 vear old male farm labourer with 
a long history of chronic bronchitis with asthmatic 
attacks. For the last 7 years he had been unable to 
work because of dyspnoea. On admission he was 
sweating, cyanotic and dyspnoeic with small res- 
piratory excursions. He was mentally clear. His 
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temperature was and staved normal. Treatment with 
ephedrine, theofylline, penicilin, ACTH and cor- 
tone, oxygen, physiotherapy and tracheobronchial 
toilettes improved his condition temporarily. Three 
weeks later, however, his respiratory insufficiency 


again increased and eventually he lost consciousness. 
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normal April 21 23 24 25 26 

F 

Development of respiratory acidosis in a case of 
chronic pulmonary insufficiency. Tracheotomy (=T) 
was performed on April the 20th. Manual artificial 
ventilation was discontinued 12 hours after T. Death 
occurred on April the 27th. Normal values in the 

left column. 


g. 1 (case No. ID). 


ms 


Under general anaesthesia with peroral intubation a 
tracheotomy was performed on April 20, large amounts 
of secretions were aspirated and manual artificial 
respiration was instituted, causing a fall in blood 
pressure from 180 to 60 mm Hg systolic, which was 
corrected with 500 ml of dextran. Cvanosis disappeared 
and 3 hours later ze opened his eves and asked for 
a bottle of beer. The ventilation was discontinued 
after 12 hours, as a subcutaneous emphysema had 
developed. He remained in a clinically satisfactory 
state for the next 5 days, breathing room air with the 
addition of oxygen 4 1/min. A respiratory acidosis, 
which had undoubtedly been present before the tra- 
cheotomy, was again developing (Fig. 1). In spite 
of physiotherapy and repeated periods of artificial 
ventilation, he died 7 days after the tracheotomy. The 
autopsy disclosed large bronchiectases, emphysema, 
cor pulmonale, pronounced atherosclerosis of the 
coronary vessels and fibrosis of the myocardium. 


The measurements of pH, oxygen and carbon 
dioxide in the days following tracheotomy (April 
20) show the development of the respiratory aci- 
dosis while the oxygen saturation was maintained 
at a reasonably satisfactory level. No measure- 
ments were made preceding the tracheotomy. 


Il. A 48 vear old short fat housewife with chronic 
bronchitis and emfysema. After a laparotomy in 1951 
with closure of a perforated gastric ulcer an incisional 
hernia the size of a man’s head had developed. Hernio- 
tomy was refused on the first admission (1952) 
until she had lost considerably in weight. One vear 
later she was readmitted because the hernia caused 
her considerable discomfort. Her weight was still 
85 kg. The hernia was closed by simple suturing and 
1300 g of fatty tissue was removed. Postoperativelv 
she became increasinglv evanotic in spite of physio- 
therapy, tracheal aspirations and oxygen. X-ray of 


the chest on the second postoperative day disclosed 
the cupulae of the diaphragm high in the chest were 
almost immobile. Her respiratory excursions were 
shallow, and as she became disorientated and finallv 
unconscious, tracheotomy was performed under gener- 
al anaesthesia on the 5th postoperative day and 
oxygen 4 l/min. added to the inspired air. No artificial 
respiration was given. She regained consciousness 6 
hours later and improved slowly so that the tracheo- 
tomy cannula could be removed 23 days after tra- 
cheotomy. She was amnesie concerning the first 14 
postoperative days, but no late mental changes were 
complained of by her or her family. No determina- 
tions on arterial blood were made, but her serum- 
HCOs determinations gave values between 40 and 
52 meqv/l. The diagnosis of respiratory acidosis was 
confirmed when addition of 5 per cent carbon dioxide 
to the inspiratory air caused immediate unconscious- 
ness and aggravated the respiratory depression. This 
is not a test to be recommended. 


Many operations tend to diminish respiratory 
excursions postoperatively through pain or fear 
of pain. The surgery may in itself hamper res- 
piration as in the above case where tightening 
of the abdominal wall raised the intra-abdominal 
pressure more than somewhat, causing elevation 
and decreased mobility of the diaphragm. This re- 
duced her already diminished ventilatory capa- 
city to a dangerous minimum. This condition was 
undoubtedly alleviated by the tracheotomy. 


III. A 25 vear old male student. At a routine X-ray 
examination 2 vears earlier an infiltration in the 
right lung was diagnosed, but no signs of activity 
or indication of ethiology could be demonstrated in 
spite of repeated controls. After one week in bed with 
coughing, dedolations, a temperature of 39°C and 
moderate, on one occasion slightly hemorrhagic expec- 
toration, he was admitted to the hospital on July 6. 
He was slightly cvanosed, polypnoeic with a tp of 
38.6° C, a pulse rate of 128 and blood pressure of 
120/80. X-ray showed diffuse infiltrations of both 
lungs, conformable to the stethoscopic findings. An 
oxygen tent with an Alevaire mist and intense treat- 
ment with antibioties could not prevent his condition 
from deteriorating. Four days later he was hyper- 
pyrexic (4057 C) with shallow respiration and pro- 
nounced cyanosis. There were no bronchial secretions. 
After periods of disorientation he finally lost con- 
sciousness and a tracheotomy was decided upon to 
reduce his dead space. On July 10, 45 min. after the 
tracheotomy, he suddenly stopped breathing, his 
heart rate slowed alarmingly and his pulse was im- 
perceptible. Ventilation with 100 per cent oxygen and 
rapid infusion of 500 ml blood restored his cardio- 
vascular functions and manual artificial ventilation 
was continued. Four hours later he regained conscious- 
ness and was conspicuously improved. During the next 
24 hours spontaneous respiration with addition of 
oxygen 4 1/min. into the tracheotomy tube was grad- 
ually reestablished. He improved steadily în the course 
of the next 3 weeks apart from the persistence of 
faint cyanosis and a pulse rate of 120—140. The 
cyanosis disappeared eventually and the tachycardia 
vanished on Julv 30, coinciding with the first normal 
figures obtained during the continued measurements 
of the pH, pCO and oxygen saturation, 
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Fig. 2 (case No. III). 
Development of respiratory acidosis in a case of 
acute widespread pulmonary infection. Tracheotomy 
was performed on July 10. Manual artificial ventilation 
was given during most of the first 24 hours. Normal 
values in the left column. 


Fig. 2 shows that the oxygen saturation is restored 
to normal during the period of alternating artificial 
and spontaneous ventilation, whereas signs of under- 
ventilation develop later with ensuing respiratory 
acidosis. The intratracheal cuff tube was removed 
and a tracheostomy cannula inserted on July 17th 
and this was removed on July 31st. 

Before leaving the hospital his respiratory func- 
tions were tested in the physiological laboratory and 
found normal. 

Four weeks later tuberculous bacilli were demon- 
strated in a culture from his expectorate of July 11th, 
presumably representing activation of a formerly 
incapsulated process brought about by his acute dis- 
ease, of which no bacterial ethiological diagnosis could 
be made. 


IV. A 20 vear old messenger boy with a tendency 
to bronchitis and 2 previous attacks of pneumonia. 
At the age of 13 he had suffered from an attack of 
encephalitis. He was mentally inferior. After 6 days of 
dyspnoea, fever and coughing he was admitted to 
the hospital on June 30, pale, cyanotic and sweating, 
with a temperature of 38°C, pulse rate 120, blood 
pressure 150/70. X-ray demonstrated disseminated in- 
filtrations in both lungs. Broad spectered antibiotic 
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Fig. 3 (case No. IV). 
Development of respiratory acidosis in a case of acute 
widespread pulmonary infection. No tracheotomy was 
performed. The oxygen saturation stayed on a fairly 
satisfactory level in an oxygen tent. Death occurred 
on July 10. Normal values in the left column. 


treatment was given. An oxygen tent with Alevaire 
mist kept him free from cyanosis. His oxygen satura- 
tion remained correspondingly satisfactory. Very 
little bronchial secretion could be aspirated with 
a catheter or a bronchoscope. His temperature rose 
steadily to 40.7° C and he died on the 11th day after 
admission. No bacteriological diagnosis could be ob- 
tained either from bronchial secretions or at the 
autopsy, which revealed: Bilateral pleuropneumonia 
and suggillations of the pleurae. There where abun- 
dant white, viscous secretions in the peripheral bron- 
chi. Whereas in case No. III treatment with oxygen 
if anything made the picture worse, it was of tempo- 
rary value in this case of pneumonia in accordance 
with Astrup & Harvald (3). No tracheotomy 
was performed as his oxygen saturation remained 
satisfactory. 
CONCLUSION 

In conclusion it may be stated that the clinical 
entity, respiratory acidosis, is present in a wide 
variety of pathological conditions, characterized 
by insufficient ventilation. The condition is easi- 
Iy recognized when facilities for determination 
of oxygen saturation, pCO2 and pH in the arterial 
blood are available. The treatment in the severe 
rases is primarily directed towards improving 
the ventilation. 

One important problem, which has not been 
sufficiently realized in the past, is that the degree 
of humidity, when air or gas mixtures are deliv- 
ered directly into the trachea, must be high. 


SUMMARY 
The principles in the treatment of respiratory 
acidosis are outlined. Four cases are presented of 
which 2 survived. 
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TRANSBRONCHIAL PRESSURE MEASUREMENT IN THE LEFT AURICLE 
IN THE DIAGNOSIS OF MITRAL DISEASE 


By IB ANDERSEN, P. ESKILDSEN, MOGENS JORGENSEN and THUE POULSEN 


Measurement of the pressure in the left auricle 
is of interest in assessing the function of the 
mitral valve, especially as an aid in differenti- 
ating between stenosis and incompetence or per- 
haps stenosis plus incompetence. 

The measurement must be done by direct 
puncture of the auricle. Percutaneous trans- 
thoracic methods (1, 2) might, in our opinion, 
involve some difficulty and risk. We therefore 
chose the method of transbronchial puncture in- 
troduced by Allison & Linden (3, 4), as a 
routine in our mitral cases. A control series was 
procured by punctures on normal persons and 
on patients with other heart diseases. 


METHOD 

The patient lies in bed with a 45° elevation of 
the head end. Local anaesthesia and 50—100 mg 
pethidine intravenously are given as for bron- 
choscopy. The puncture is made through an ordi- 
nary Negus bronchoscope with a slender needle 
(internal bore 0.3 mm, length 6 cm) attached to 
a 2 mm bore metal tubing, 50 cm in length, which 
again is connected with a Tybjerg Hansen 
condenser manometer through a 3 mm bore 
polyethylene tube. The system is filled with he- 
parinized saline. The recording is made by means 
of the joined high frequency device and a d. c. 
amplifier, also designed by TybjergHansen. 
This system is connected with an electrocardio- 
graph and a double-beam oscilloscope which 
during the puncture permits direct reading and 
preliminary evaluation of the curve which appears 
on the sereen synchronously with the electro- 
cardiogram. 

Adjustment of the manometer is effected by 
measuring the pressure in 2 glass tubes, also filled 
with heparinized saline, with a difference of 10 
cm between the fluid levels. One is level with the 
angulus Ludovici (zero pressure). We adjust the 
fluid level of the zero pipe as follows: one end 
of a rubber tubing, 2 m in length and filled with 
heparinized saline, is connected with the glass 
tube by a three-way stop cock. Its other end rests 
on the anterior aspect of the patient’s chest on 
a level with the angulus Ludovici. When the 
cock is opened, the water flows out of the rubber 
tubing and glass tube until the fluid level is flush 
with the open end of the rubber tubing. 

The dynamic properties of the whole system 
(needle, metal tubing, polvethylene tubing, and 
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electrical aggregate) are evaluated experimen- 
tally. The needle is introduced into a closed 
chamber partly filled with water. The point of 
the needle is placed below the surface of the 
water. Sine wave oscillations are produced by a 
small air-filled cylinder with a movable piston. 
The cylinder is connected with the space above 
the water in the chamber. By moving the piston 
at different speeds, various frequencies can be 
obtained. Various amplitudes can be established 
by altering the water content of the chamber. The 
bottom of the chamber is joined to another mano- 
meter by a short, wide connection. This latter 
system was used to check the amplitude of the 
oscillations at various frequencies. Only small 
variations at different frequencies occurred. Simi- 
lar systems have been used by e.g. Buchtal & 
Warburg (5) and Holmgren (6). 
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Fig. 1. 
and phase-difference angle of 
the recording system at varying frequencies. 

A —a: undamped 

B—b: electrically damped 


Relative amplitude 


Fig. 1, Curve A,‚ shows the relative amplitude 
at frequencies from 2 c.p.s. to 60 c.p. s. Curve a 
is the associated phase-difference-angle-frequency 


curve, 
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It is generally accepted that blood pressure 
curves are sufficiently delineated if the employed 


system is able to record correctly oscillations 
with frequency rates 6—8 times the fundamental 
frequency. Sufficient results may consequently 


(Curve A) be obtained for fundamental frequen- 
cies of up to 3—4 c. p. s. — corresponding to pulse 
rates of 100—120 beats per minute. (The pattern 
of the left auricle tracings justify the opinion 
that the fundamental frequency is twice the pulse 
rate). 

Most of the tracings were carried out as de- 
scribed above, but a few were recorded with an 
improper electrical aggregate. Disturbances made 
it necessary to damp the output electricallv. This 
could be achieved in 3 steps. Fig. 1, Curve B (b) 
gives the amplitude-frequency and phase-differ- 
ence-angle-frequeney curve for the third (and 
highest) step of the damping (which was very 
seldom used). Obviously, this procedure obscured 
most of the details of the tracings. Nevertheless, 
the mean pressures of the tracings were fully 
correct, and it was possible to assess the mutual 
pressure values of the waves. No interpretations 
were based on properties other than these — not 
even the most dependable tracings. 

At the outset, we punctured the left main 
bronchus antero-mediallv, but like Allison & 
Linden (4) we now prefer to start by punctur- 
ing the right main bronchus. In most cases the 
needle enters the pulmonary artery this way or 
passes through the pulmonary artery into the left 
atrium. 

It is obviously an advantage to both 
pulmonary pressure and left atrial pressure in 
the same procedure as we usually do. If both 
curves are obtained, it is a great help and support 
in interpreting the results. 

The puncture itself is painless and does not 
require any special anaesthesia. The whole pro- 
cedure takes only a few minutes. We have not 
observed any complications which could be 
ascribed to the puncture, and only one of the 
patients was operated on after the puncture ex- 
hibited a slightly stained pericardial fluid. 


obtain 


Material. 
Our series comprises 108 punctures distributed 

as follows: 

(a) 11 punctures on normal persons; 

(b) 57 punctures on patients with mitral disease 
verified bv operation; 

(ce) 24 punctures on patients with non-operated 
heart disease; 

(d) 16 failures, only 3 of these on the last 50 
punctures. 


Re (a): In punctures on 11 normal persons we 
established the pattern of the normal curve and 
the normal pressure in the left auricle. “Normal 
persons” are taken to mean patients with normal 
hearts (especially with respect to the valves) and 


normal circulation (e.g.…, without pulmonary hy- 
pertension). 

The normal pressure curve from the left auricle 
has 3 waves (cf. Fig. 2): 
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Fig. 2. 
Normal left auricular tracing. The patient had mild 
bronchial asthma, but no attack for the past year 
and no pulmonary hypertension. The characteristic 
and v are present; the c-v level is lowest 


waves a, c, 
(e-v dip). Pressure a little over 0. 


(1) The a wave, starting immediately before the 
ORS complex in the electrocardiogram, rep- 
resents auricular systole. 

(2) The ce wave, occurring immediately after the 
R wave of the electrocardiogram, represents 
the closure of the mitral valves — while the 
auricle is still in systole. 

(3) The v wave, normally of the same size as the 
c wave, represents the flow of blood from the 
pulmonary veins while the mitral valves are 
still closed. 

If fibrillation is present, there are no a waves 
in the auricular curve. 

The ec—v level is normally the lowest one, at 
any rate as low as the vc level. 

In normal curves the pressure is about zero. 

Of course the normal curves vary somewhat 
in appearance, but they always show the charac- 
teristic pressures and waves, and presumably the 
normal curves do not vary more than e. g. normal 
electrocardiograms. 

Re (b): Results of the punctures on patients 
with mitral disease (stenosis, incompetence, ste- 
nosis plus incompetence) confirmed by operation 
have shown that the various mitral diseases ap- 
parently exhibit characteristic pressures and 
curves, useful in the preoperative diagnosis. Quite 
particularly, regurgitation seems to be demon- 
strabie with fairly great accuracy. 

Fig. 3 shows a characteristic 
patient with pure mitral stenosis. The character- 
istics of these tracings are: 

Increased pressure (given on the tracings in 
mm Hg). 
Normal a and ec waves. 
level (or 


curve from a 


Elevated c—v absence of “cr 


. 


dip”). 
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Fig. 3. 


Left auricular tracing from a patient with pronounced 
mitral stenosis and sinus rhythm. High pressure, 
elevated c-v level. 
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Fig. 4. 
Left auricular tracing from a patient with mitral 
incompetence (and moderate stenosis). 
In our opinion, the absence of the “c 
is due to the deficient emptying of the auricle. 
In pure or predominant mitral incompetence 
the atrial curve is modified by the connection 
with the left ventricle during systole. There is 
no ordinary pattern of the v wave; it is a wave 
produced by interference between the atrial wv 
wave and the jet through the incompetent mitral 
orifice. The influence of the last-mentioned com- 
ponent varies with the degree of the incompe- 
tence. The top of the so-called “v wave” is higher 
than the normal v wave and occurs earlier than 
a normal v wave would do, i.e. at the moment 
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Fig. 5. 


Left auricular tracing from a patient with stenosis 

plus incompetence of the mitral valves, verified at 

operation. The tracing shows incompetence configura- 
tion and stenosis pressure. 
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Fig. 6. 
Left auricular tracing from a patient with very 


pronounced mitral stenosis before commissurotomy. 
High pressure and characteristic configuration. 





when ventricular systole ends. The pressure is 
normal or slightly increased. 

Fig. 4 shows changes from a case of pronounced 
regurgitation and some slight stenosis. 

Hence, the tracings have shown the following 
characteristics in pure mitral stenosis: Increased 
pressure, a v wave which is low or at least lower 
than the ce wave, and usually a high c—v level. 
In pure or predominant incompetence: Low or 
only slightly increased pressures (vide infra), v 
waves higher and in most cases much higher than 
the (a) ec waves, and finally an elevated ec—v 
level. 

Thus, in cases of pure stenosis and of pure or 
predominant insufficiencey, the interpretation 
of the curves is rather simple. The difficulties 
present themselves in combined cases, but even 
then we think our tracings will be of diagnostic 
aid. 

Fig. 5 shows a configuration similar to the 
incompetence curve, but the pressure is much 
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Fig. 7. 
Left auricular tracing from the same patient as in 
Fig. 6 two weeks after commissurotomy. The pressure 


has fallen and there is now a visible c-v dip as well 
as a visible v wave. 
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Fig. 8. 
Left auricular tracing from the same patient as in 
Figs. 6—7, three months after commissurotomy. The 
tracing is almost identical with that in Fig. 7, only 
the c-v dip and the v wave are still more visible. 


encountered 


In cases where the same patient has had two 
in or more punctures, the curves have been very 
much alike with regard to pressure as well as 


probably a case of stenosis with regurgitation, 
and this diagnosis was verified at operation. 

Transbronchial puncture is an easy and quick 
method of controlling the result of commissuro- 
tomy. Fig. 6 shows a tracing from a patient with 
very pronounced mitral stenosis: high pressure 
and characteristic stenosis configuration. Figs. 
7 and 8 give tracings from the same patient two 
weeks and three months after commissurotomy. 
These tracings are almost identical. The pressure 
has fallen, and the c-v dip as well as the v wave 
have become more visible. 


configuration of the tracings. 

Re (c): Curves obtained by puncture in cases 
of non-operated mitral disease showed good 
agreement with the results of other investigations. 
In a few cases the findings were confirmed by 
autopsy. In patients with other heart diseases 
(aortic disease, sclerosis of pulmonary arterioles 
with backward failure, patent ductus arteriosus, 
fibrillation without valvular disease, cardiac neu- 
rosis) the curves were normal or showed mild, 
theoretically comprehensible and diagnostic 
changes. 
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Fig. 9. 
Tracings from the pulmonary artery and the left 
auricle in a patient with scleroderma and sclerosis 
of the pulmonary arterioles: both obtained by direct 
transbronchial puncture. Very high pulmonary 
pressure, very low auricular pressure. 
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Fig. 9 sets out tracings from the pulmonary 
artery (obtained by direct transbronchial punc- 
ture) and from the left auricle. These tracings 
are derived from a patient with scleroderma and 
sclerosis of the pulmonary arterioles with back- 
ward failure. There is a very high central pul- 
monary pressure, a very low auricular pressure, 
and — presumably owing to the slight pulmonary 
flow no v waves. 
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Fig. 10. 
Left auricular tracing. Slight stenosis configuration, 
normal pressure. The patient presented clinical symp- 
toms of mitral stenosis. Operation revealed only an 
insignificant stenosis. 


The following case illustrates the significance 
of the transbronchial left auricular tracing in a 40- 
vear-old woman with symptoms of mitral stenosis. 
Clinical diagnosis: mitral stenosis. Transbron- 
chial left auricular tracing (Fig. 10) showed a 
curve (unfortunately overdamped) with a slight 
stenosis configuration, but with normal pressure. 


CANCER INCIDENCE IN 


DENMARK 


The patient was operated upon, and we found an 
only slightly stenosed mitral orifice (no regurgi- 
tation). Now, we do not think operation was 
necessary in this case. Allison & Linden 
(4) report a similar case and conclude that nor- 
mal auricular pressure is a contra-indication to 
operation. We quite agree, but we want to add that 
it is not advisable to operate on a patient with 
clinical symptoms of mitral stenosis when the 
pressure in the left auricle, measured by direct 
transbronchial puncture, is normal even if the 
configuration of the tracing does indicate some 
slight stenosis. 
CONCLUSION 

Direct transbronchial puncture of the left 
auricle to record the pressure curve has proved 
useful in diagnosing mitral disease, in deciding 
the operative indication, and in follow-up after 
operation. From the configuration of the curve 
and the height of the pressure, the patho-anatomi- 
cal state of the mitral orifice and disturbances 
in its physiological function may be predicted 
with fairly great accuracy. 
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1943 TO 1953 


IV. DISTRIBUTION ACCORDING TO HABITATION CATEGORIES 


By JOHANNES CLEMMESEN and ARNE NIELSEN 


The statistics previously published in this series 
(24) on the number of cases notified to the 
Danish Cancer Registry during the period from 
1943 to 1953 are unusual in covering a whole 
country continuously for about one decade. It will 
appear from the tables (1. c.) that whichever 
may be the sources of error in this statistical 
system, seem to have been constant through the 
period studied, because the figures show a regular 
development. 

For several practical purposes tables covering 
the whole country may be useful, but from the 
From Cancerregisteret under the Danish Anti-Cancer 
League, Copenhagen. 





point of view of cancer research, we need sub- 
divisions of the material into groups of more 
uniformity with regard to health conditions than 
may be expected from a European nation taken 
as a whole. Danish health statistics have for a 
considerable period been subdivided according to 
the habitation categories of Capital, Provincial 
Towns and Rural Areas, with the recent addition 
of the smaller category of Copenhagen Suburbs, 
all of which categories have recently been char- 
acterized in this series (1) as far as the popula- 
tion-at-risk is concerned. 

As a rule, larger conurbations will offer more 
efficient diagnostic facilities than rural areas, and 
such differences may be expected to influence 
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figures for both sexes in proportion to their num- 
ber of cases. However, it may not be superfluous 
to emphasize that even if diagnosis at an early 
stage may be of considerable importance to ther- 
apeutic results, and thus to mortality statistics, 
diagnostic progress in this respect may not in- 
fluence incidence statistics like the present which 
are based on hospital records combined with 
death certificates. Since diagnostic methods will 
vary with the location of tumours, the problems 
concerning the possible influence on our figures 
of differences in diagnostic facilities will have to 
be discussed for each malignant disease sepa- 
rately. 

In general it may be said that differences in 
diagnostic and other medical facilities between 
Danish Capital, Provincial Towns and Rural 
Areas had been considerably reduced already at 
the opening of the Cancer Registry in 1942, and 
this tendency has continued ever since. A few 
figures may serve to illustrate this point, taken 
from detailed statistics published by the National 
Health Service (7). 

Most radiotherapy is administered through the 
three Radium Hospitals run by the National Anti- 
Cancer League. Since 1943 this service provides 
121 beds in Copenhagen; in Aarhus beds 
numbered 104 in 1943 and 135 in 1953, while 
Odense had 50 beds from 1943 to 1953. These 
hospitals receive patients from both towns and 
country, also as out-patients. 

The hospital administration of the City of 
Copenhagen comprised 15 hospitals with 6060 
beds in 1943, and 17 hospitals with 6412 beds in 
1953, and the Borough of Frederiksberg in its 
two hospitals had 1188 beds in 1943 and 1236 in 
1953, while the hospitals of Gentofte, serving both 
its borough and the county numbered 6 with 1654 
beds in 1953 against 3 with 1407 beds in 1953. 

For the whole of Denmark the number of hos- 
pital beds in surgical or internal wards remained 


at 5 per 1000 inhabitants amounting to 19659 in 
1943 and to 21669 in 1953. The number of phy- 
sicians increased during the same period from 
3761 to 4750. 

Even within the subdivisions according to habi- 
tation areas, we cannot be sure of the uniformity 
of the material. Quite apart from the differences 
in the medical apparatus available in towns and 
country, other factors will vary with — some- 
times within — the habitation categories and may 
show association with cancer incidence even 
without being of direct or proven carcinogenic 
relevance. Thus, the present authors have de- 
monstrated (1952) that incidence figures for, for 
instance, cervical and bronchial carcinoma in 
Copenhagen will vary with the average annual 
house rent paid in various subdistricts, while fer- 
tility rates in Denmark are reversely propor- 
tionate to figures for mammary carcinoma, and 
contrary to other countries, also to incidence 
rates for cervical cancer. (Clemmesen 1951). 

It will be the task of the Cancer Registry to 
bring about relevant statistical material bearing 
on such points in reporting on incidence figures 
for each malignant disease. 
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